Recent studies show that fish and fishery products have , -Diphenyl--picrylhydrazyl (DPPH) and a high radical-scavenging activity, comparable to that of ODS (Cosmosil C ) resin were obtained from Nacalai some vegetables (Khanum ; Mansur ; Bhadra ). The active components responsible dihydrochloride (AAPH), and -deoxyguanosine ( -dG) for such high activity are not yet well understood. Previously, we evaluated the free radical-scavengers of fish and xylic acid (Trolox) was obtained from Aldrich Chemical ). The role of compounds such as ascorbic acid, from Amersham Biosciences (Uppsala, Sweden). Dye reaing activity of fish muscle was not considered significant.
gent concentrate for protein concentration was obtained from Bio-Rad Laboratories (Hercules, CA, USA) method (Yamaguchi ) and -deoxyguanosine length : . . cm, weight : . . g ; Sep-( -dG) oxidation method (Sakakibara ), watertember , Tottori, Japan) was used for the experiment. soluble proteinous substances may contribute to the A minced fish sample ( g) was scavenging activity of fish.
Antioxidative activity of peptides produced from pro-Polytron Homogenizer PT-MR ) in mL of ultrapure tein hydrolysis has been reported by numerous studies water. contribution of human blood plasma ( ) was added to the sample solution at a ratio of : . protein to total radical trapping antioxidant parameter.
The mixture was kept for min at room temperature and Carp blood plasma protein also showed strong antioxidawas centrifuged at , g for min at C. The supertive activity (Xue ). In this paper, we evaluated natant was filtered and used for analysis. proteinous substances of fish muscle extract as free Another sample of deproteinized water extract was radical-scavengers. prepared by heating the water extract for min in a boiling water bath. After centrifugation at , g for free extract. The role of high molecular weight compounds in the radical-scavenging activity of horse mackerel muscle was evaluated. After denaturation by boiling or by adding TCA solution, of the total activity remained in the water extract. Fractions containing high molecular weight compounds showed both ,protein in fish muscle is responsible for the radical-scavenging activity. Samples deproteinized by boiling were then muscle ( mL) was fractionated by gel filtration chromato-water extract was estimated by the method of Bradford ( ). lyophilized and dissolved in mL of acetonitrile con-To test the protein hydrolytaining .
trifluroacetic acid (TFA) and then adsorbed sis due to enzymes present in fish muscle during experito ODS (C ) resin pre-equilibrated with the same solution.
ment, a minced fish sample ( g) was homogenized for The sample was first eluted by acetonitrile containing s using a homogenizer (Kinematica Polytron homogenizer PT-MR ) in mL of ultra pure water. The homogenized sample was kept for h at room temperacompounds, which are comprised with peptides and other ture ( C). DPPH radical-scavenging activity was meashydrophobic compounds, were eluted by acetonitrile ured at -h intervals. containing .
TFA. The and acetonitrile frac-Water extract of fish tions were further lyophilized and dissolved in ultrapure water. These fractionated samples were then subjected to graphy on a Sephadex G-column ( . cm) equi-HPLC analysis for DPPH and peroxy radical-scavenging librated and eluted with . M KCl. Each fraction of mL activity.
Absorbance at nm and radical-scavenging activiactivity was measured according to the DPPH-HPLC ty of all fractions were measured by using a spectrophomethod of Yamaguchi ( ). Briefly, an aliquot of sample solution ( L) was mixed with mM of Tris-scavenging activity of each fraction was measured by -HCl bu er (pH . , L) then mL of M DPPH in dG oxidation method as described above. Blue dextran, ethanol was added. The mixture was vigorously shaken oxidized glutathione and ascorbic acid were used as the and incubated for min at room temperature in the dark. molecular markers. After min, the mixture was injected for HPLC analysis.
The HPLC analysis was carried out on a TSKgel Octyl-Ts column ( . mm ; Tosoh, Tokyo, Japan) equi-DPPH and pped with a Shimadzu LC-A pump, a Rheodyne injector peroxy radical-scavenging activities of water extract, VIS deproteinized extract by boiling or by TCA precipitation, detector set at nm at ambient temperature. The mobile phase consisted of methanol/water ( : , v/v), are presented in Table . Radical-scavenging activity of and the flow rate was mL/min. As the control standard, water extract was . mol Trolox eq./ g and . L of M Trolox solution in ethanol was assayed mol Trolox eq./ g in DPPH and -dG oxidation in a similar manner during each run. method, respectively. After deproteinization by boiling The DPPH radical-scavenging activity was evaluated or by adding TCA solution, and of original by the di erence in peak area decrease of the DPPH activity remaine radical between a blank and a sample. The activity was expressed as mmol Trolox equivalent per g of fresh weight of fish sample.
( -OOHdG) formation was measured according to the method of Sakakibara ( ). Briefly, L of mM -dG solution was mixed with sample solution ( L) and the reaction was started by adding of mM AAPH solution ( L). The reaction mixture was incubated at C for -h. After -h incubation, L of the reaction mixture was subjected to HPLC analysis. The HPLC analysis was carried out on a Capcell pak C UG ( m mesh, .
LC-A pump, and a Shimadzu SPD-AV UV-VIS detector set at nm at ambient temperature. The mobile phase consisted of . Changes in radical-scavenging activity of water extract during di erent treatments.
Data are means SD of three determinations. ND, not detected.
-dG oxidation method. These results showed that around d in deproteinized sample, respectively. However, activity was trace and below detection level in of the activity of fish extract are contributed by the proteinous substances, which can be denatured by boiling or by TCA precipitation. Activity remaining in the boiled sample appears to be derived from water soluble peptides and other small molecular weight compounds such as Data are means SD of three determinations.
Fractionation through gel filtration chromatography of high molecular weight compounds and DPPH radicalscavenging activity in fish muscle extract. Average of three Fractionation through gel filtration chromatography of high molecular weight compounds and peroxy radicalscavenging activity in fish muscle extract. Average of three Bhadra, A., Yamaguchi, T., Takamura, H. and Matoba, T. ( ). Radical-scavenging activity : Role of antioxidant vitamins in some fish species. , . Chen, H-M., Muramoto, K. and Yamauchi, F. ( ). Structural analysis of antioxidative peptides from soybean -conglycinin. , .
mura, H. and Matoba, T. ( ). Radical-scavenging activities of fish and fishery products.
, . Mansur, M.A., Bhadra, A., Takamura H. and Matoba. T. (
). E ect of processing and storage on the radical-scavenging activity of horse mackerel and sardine.
, .
enzyme inhibitory peptides. , . Okada, Y. and Okada, M. ( ). Scavenging e ect of water solu-etonitrile to assume the contribution of peptides to radicalcluded that water-soluble protein of fish muscle has strong In order to evaluate the of the activity of fish muscle extract (data not shown). ascorbic acid, glutathione, and uric acid. Boiled sample was fractionated through ODS resin in and acscavenging activity of the water extract. In and acetonitrile fractions of the boiled sample, . and .
of the DPPH radical-scavenging activity remained, respectively. The activity was . and . of original water extract activity. In acetonitrile fraction of the boiled sample, contained .
of the peroxy radicalscavenging activity of water extract remained. Activity was below detection limit in the acetonitrile fraction. Contribution of the peptides to DPPH and peroxy radicalscavenging activity was found to be very low.
Changes in DPPH radical-scavenging activity of fish muscle homogenate during storage at room temperature ( C) up to h are shown in Table . The initial activity of fish muscle was . mol Trolox eq/ g, which decreased by after h of storage at room temperature. The action of proteolytic enzymes in fish muscle homogenate was expected to form peptides resulting in an increase in radical-scavenging activity. However, activity did not increase, suggesting that insignificant autolysis of muscle proteins occurred. free radical-scavenging activity. molecular size of components having radical-scavenging activity, gel filtration of fish muscle extract was carried out as shown in Fig. . DPPH radical-scavenging activity was found to be concentrated to the high molecular weight fractions. This result indicates that main components having radical-scavenging activity in fish muscle are proteinous substances and are not peptides as suggested in Table . The total activity of high molecular weight fractions was about of that of muscle extract before gel filtration.
Peroxy radical-scavenging activity of fractions after gel filtration of fish muscle extract was measured as shown in Fig. . The activity was also concentrated to the high molecular weight fractions as shown in Fig. . Contribution of high molecular weight fractions was about From the results of the above experiment, it can be con- 
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